CMOS TDI IMAGE SENSOR 



BACKGROUND OF THE INVENTION 

The priority benefit of the September 16, 1998 filing date of U.S. application 
serial number 60/100,558 is hereby claimed. 

Field of the Invention 

The present invention relates to time delay and integration image sensor (TDI 
image sensor) using complimentary MOS technology (CMOS technology). In 
particular, the invention relates to achieving the integration function without charge 
transfer devices. 

Description Of Related Art 

In many imaging applications the image scene moves relative to the camera at 
a constant velocity. For example, objects on a conveyer belt may be imaged by a 
stationary camera adjacent to the conveyer, or features on the ground may be imaged 
by a camera mounted on a moving vehicle. Such applications can be addressed by a 
line scan camera in which the imaging region consists of a single row of pixels. 
However, where the relative velocity is large, the maximum integration time available 
for each pixel is very small. If the velocity is sufficiently large relative to the 
illumination level then the image signal may too small to be useful. 

Time delay and integration (TDI) image sensors are used in line scan 
applications where the light level is low or where the speed of the moving image is 



high. TDI has typically been addressed with CCD sensors in which the TDI 
functionality can be achieved by transferring a charge packet along the CCD 
synchronously with the image. Charge transfer cannot be achieved in the same way 
with CMOS processes, and hence a CMOS approach to TDI has been disfavored. 

SUMMARY OF THE INVENTION 

It is an object to the present invention to provide as sensor with TDI 
functionality using CMOS fabrication processes. It is a further object of the present 
invention to provide, in a sensor, an accumulation circuit and necessary control 
circuitry to affect TDI functionality. 

These and other objects are achieved in a column slice of a CMOS TDI sensor 
that includes a column bus, a column of pixels, plural first switches, a column of 
accumulators, plural second switches, plural third switches and output bus 39. Each 
of the plural first switches is coupled between the column bus and a corresponding 
pixel of the colunm of pixels, and each of the plural second switches is coupled 
between the colunm bus and a corresponding accumulator of the column of 
accumulators. In operation, only one switch at a time of plural first switches is "on" to 
connect the voltage signal fi-om a corresponding pixel to the column bus while all 
remaining plural first switches are "off' to isolate the colunm bus from all remaining 
pixels. Only one of the plural second switches is "on" to connect the signal on the column 
bus to an accumulator while all remaining plural second switches are "ofF' to isolate the 
bus fi'om all remaining accumulators. A main control circuit includes first and second shift 
registers to control the plural first and second switches to couple a signal from each pixel 
of the column of pixels into a corresponding accumulator of the column of accumulators 
while updating the accumulator until signals from all pixels have been transferred into 
corresponding accumulators. After this update cycle, an accumulated signal from the 
one accumulator that is currently addressed by a third shift register is read to the 
output. Then, the first and third shift registers are incremented. A new update cycle 
begins when a point in a moving image focused on the column slice crosses a pixel 
boundary. The same pattern repeats continuously. Valid TDI data is produced at the 



output after a number of full cycles of the transfer of pixels signals to the accumulators 
has been complete, the number being equal to the number of pixels. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention will be described in detail in the following description of 
preferred embodiments with reference to the following figures wherein: 

FIG. 1 is a functional schematic diagram of a sensor array according to the 
present invention; 

FIG. 2 is a functional schematic diagram of a column slice of the sensor array 
according to the present invention; 

FIG. 2A is a circuit schematic of a CMOS switch as may be used in the present 
invention; 

FIG. 2B is a circuit schematic of an NMOS switch as may be used in the 
present invention; 

FIG. 3 is a circuit schematic diagram of a current accumulator according to the 
present invention; 

FIG. 4 is a functional schematic diagram of a representative switch control and 
increment control circuits as used in the present invention; 

FIG. 5 is a functional schematic diagram of a control circuit as used in the 
present invention; 

FIG. 6 is a timing diagram of an operation of the present invention; and 
FIG. 7 is a flow chart of a method of scanning an image. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

There are compelling reasons for implementing image sensors with CMOS 
processes including process accessibility, cost, advanced design rules, and the ability 
to add circuit functionality that cannot at presrat be implemrated with CMOS processes 
(digital signal processing, memory, etc.). For example, in instances where a designer 
of an image sensor does not have an "in house" foundry to fabricate the sensor in wafer 
form, it becomes necessary to for the designer to contract with a foundry to provide 
fabrication services. When doing so, the designer usually selects processes and design 
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rules that are supported by a pre-selected foundry on existing production lines in order 
to minimize costs. Since CCD processes usually require multiple poly-crystalline 
silicon conductor layers and CMOS processes require only one such conductor layer, 
the designer will have greater flexibility using a CMOS process and design rules. The 
5 present invention is a way to use a CMOS process and still be able to achieve TDI 
functionality. However, the invention is not limited to an implementation in a CMOS 
process, nor are there any particular parts of the CMOS process necessary to 
implement the invention. 

The issue of low signal size can be resolved by using an approach known as 

10 TDI (for time delay and integration). For TDI sensor, a finite number of line scan 
arrays is arranged in parallel, for example, M rows are provided (see FIG. 1). As the 
scene moves past the sensor, the light from any one point of the scene impinges 
successively on each of the M rows in succession. As the light from the one point of 
the scene impinges on each row, the signals collected by each of the M rows are 

15 accumulated in associated accumulators. If the electronic signal from each row at the 
correct instant in time is summed, then M times as much signal is available as 
compared to a simple single line scan sensor. An illustration of the CMOS TDI 
approach is shown in FIG. 1. 

TDI is usually implemented with a CCD (charge coupled device) where the 

20 rows are clocked such that the charge packets move across the sensor synchronously 
with the image. The conversion from an electronic signal to a voltage is done as the 
charge packets are transferred out of the last row. Unfortunately CMOS processes do 
not allow for the spatial transfer of charge packets and hence this approach cannot be 
used. 

25 In order to attain the same TDI functionality with a CMOS image sensor, the 

image region of the sensor is configured as in FIG. 1 with M rows and N columns. 
As the image progresses across the image region, the pixels are individually read and 
their voltages added to a storage region located adjacent to the image region. The 
architecture is illustrated schematically for a single column slice in FIG. 2. 

30 The operation begins by loading a single "1" into the first position in shift 

registers 62, 66 and 74 (FIG. 5). A "1" in a particular element of shift register 62 



causes the row that corresponds to that position in the shift register to be enabled (i.e., 
for the outputs of each of the pixels in that row to be connected to the column output 
buses). A "1" in a particular elem^t of shift register 66 causes the signal on the output 
bus of each column to be routed to an accumulator in the same column and at the row 
adjacent to the position of the " 1 " in the shift register. The signal that is routed to the 
accumulator is added to the signal that is already stored there. A "1" in a particular 
element shift register 74 causes the total stored signal in the accumulator for each 
column in the row adjacent to that shift register element to be routed to multiplexer 
output circuitry of the sensor. Assume that the shift registers are each configured such 
that whOT the "1" reaches the end of the shift register, then on the next shift, the entry 
in the last register becomes "0" and the entry at the beginning of the register becomes 
"1", (i.e., a cycling shift register). 

Assume that the image is translated across the image region a rate equal to the 
row separation physical extent divided by Hine, (i.e., the image is translated by the 
row pitch in a time, TTine). During the first period, 0 < t < Tline, the "1 " that starts at 
the beginning of shift registers 62 and 66 is shifted through the registers one register 
element at a time until the end of a complete cycle. For each individual column, the 
pixel data from rows 1 through M is stored in the corresponding column accumulator 
sites in rows 1 through M, respectively. After the last read operation of the cycle, the 
entry in the beginning elemait of registers 62 and 66 will be returned to a " 1 " since the 
shift registers are cyclic. 

The output from the appropriate accumulator is then routed to the column 
output. ThOT, shift registers 62 and 74 are triggered one additional time such that the 
"1" in each of registers 62 and 74 (but not register 66) moves into the second position. 
The timing described above is repeated in the same manner continuously. After the 
first M cycles (i.e., for t>M Tline), the outputs from the accumulators will correspond 
to TDI output with a signal size that is M times as large as the signal for a single line 
time. 

The architecture is divided into an image region and a storage region. The 
image region is N columns wide by M rows. In FIG. 1, sensor array 10 includes rows 
1 through M, each row having pixels 1 through N therein. Column slice 20 contains 



pixel N from all rows 1 through M, For each pixel in the image region, there is an 
accumulation cell in the in the storage region. In FIG. 2, the circuitry within the 
storage region is only illustrated for a single column. 

In FIG. 2, a sensor includes column slice 20, and column slice 20 includes 
column bus 22, column of pixels 24, first plurality of switches 26, column of 
accumulators 34, and second plurality of switches 36. Column slice 20 also includes 
third plurality of switches 38 and output bus 39. Column of pixels 24 includes pixels 
Pi, P2, P3 through P^t, and column of accumulators 34 includes current accumulators 
CAj, CA2, CA3 through CA^. First plurality of switches 26 includes switches SA^, 
SA2, SA3 through SAm, second plurality of switches 36 includes switches SBi, SB2, SB3 
through SBm and third plurality of switches 38 includes switches SCi, SC2, SC3 through 
SCm. 

Each switch of first plurality of switches 26 is coupled between colunm bus 22 
and a corresponding pixel of colunm of pixels 24, and each switch of second plurality 
of switches 36 is coupled between column bus 22 and a corresponding accumulator of 
column of accumulators 34. 

Any known or fiiture pixel type may be used in column of pixels 24. Preferably, 
the pixel type produces a voltage level at an output. Preferably, the switches of first 
plurality of switches 26 are transmission type switches that transmit a voltage level from 
a pixel output onto column bus 22. In FIG. 2 A, a complimentary MOS (CMOS) switch 
type is shown as an example. In FIG. 2B, a single NMOS transistor switch type is shown 
and is preferred in many designs to achieve a greater fill factor, for example, for use as 
switches 26. In operation, only one switch at a time of first plurality of switches 26 is 
"on"to connect the voltage signal from a corresponding pixel to the colunm bus while all 
remaining switches of first plurality of switches 26 are "oflP' to isolate the column bus 
from all remaining pixels. 

In FIG, 2, transimpedance amplifier 28 converts the voltage level on colunm bus 
28 into a current supplied to bus 32. In operation, only one switch at a time of second 
plurality of switches 36 is "orf' to connect the signal on bus 32 to an accumulator while 
all remaining switches of second plurality of switches 36 are "ofF' to isolate bus 32 from 



aU remaining acx^umulators so that all current provided by transimpedance amplifier 28 is 
provided to the selected current accumulator. 

In FIG. 3, transimpedance amplifier 28 receives input voltage V^^ fi-om column bus 
22. It includes operational transimpedance amplifier OTA to translate the voltage level 
at relative to voltage reference Vref into a current. The current is provided to a 
current mirror circuit that includes matched transistors Qi and Q2 where mirrored current 
IiN is defined by Vi^. Mirrored current Ij^ sinks into transistor Q2 and draws current fi-om 
bus 32 (FIG. 2). 

In FIG. 3, the switches of second plurality of switches 36 are not shown. Instead 
FIG. 3 shows current accumulator 40 connected directly to bus 32 through the unseen but 
"on" switch of second plurality of switches 36. 

Current accumulator 40 operates in two modes depending on the positions of 
switches SWl and SW2. Switches SWl and SW2 are preferably like any of the other 
switches in column of switches 26, 36 or 38. 

The first mode is defined as being while switch SWl is "off' and switch SW2 is 
"on" as is depicted in FIG. 3. Accumulator 40 is operated in the first mode while the 
current accumulator is connected to bus 32. In this first mode, since switch SWl is "off', 
transistor Q4 fijnctions as a transimpedance amplifier to translate voltage stored on 
capacitor into current Id- Current Ici combines with current Ij^ &om bus 32 to affect 
voltage V2 on capacitor Cj with the help transistor Qg since SW2 is "on". The voltage on 
capacitor Cj will ordinarily tend toward a ground voltage except that transistor Qg, 
connected to drain supply voltage V^d, limits the decline in V2 so that V2 stabilizes at a 
voltage defined by a current that is the sum of current Ici and current Ii^. 

The second mode is defined as being while switch SWl is "on" and switch SW2 
is "off' opposite of what is depicted in FIG. 3 . Accumulator 40 is operated in the second 
mode while the current accumulator is isolated fi-om bus 32. In this second mode, since 
switch SW2 is "off', transistor Q5 fiinctions as a transimpedance amplifier to translate 
voltage V2 stored on capacitor C2 into current 1^2- Current 1^2 affects voltage Vi on 
capacitor C^ with the help transistor Q3 since switch SWl is "on" in this second mode. 
The voltage on capacitor Cj will ordinarily tend toward voltage except that 
transistor Q3, connected to ground, limits the rise in Vj so that Vi stabilizes at a voltage 
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defined by current 1^2. Thus, in this second mode, the new voltage on capacitor Cj is 
defined by the accumulated current that is the sum of current 1^ and current Ii^. Each 
time current accumulator 40 is cycled through its first and second modes (i.e. , current 
accumulator 40 is selected and then deselected), the current Ij^ on bus 32 (that is 
defined by the voltage on column bus 22) will be accumulated. 

Other circuits that perform this accumulation function will be apparent to 
persons skilled in the art in light of these teachings. Moreover, it will be apparent to 
persons skilled in the art in light of these teachings that transimpedance amplifier 28 
may be coupled between second plurality of switches 36 and column of accumulators 
34 instead of being coupled between column bus 22 and bus 32; however, a single 
transimpedance amplifier 28 would be required for each accumulator of column of 
accumulators 34. Similarly, it will be apparent to persons sldlled in the art in light of 
these teachings that transimpedance amplifier 28 may be coupled between colunm of 
pixels 24 and first plurality of switches 26 instead of being coupled between column 
bus 22 and bus 32; however here too, a single transimpedance amplifier 28 would be 
required for each pixel of column of pixels 24. Should a pixel technology be used that 
produces a current instead of a voltage, then transimpedance amplifier 28 is not used 
since the pixel current is routed to the corresponding current accumulator. 
Alternatively, should an accumulator technology be used that accumulates voltage 
instead of current, then transimpedance amplifier 28 is not used since the pixel's 
voltage is routed to the voltage accumulator. As use herein, column bus 22 (carrying 
a voltage level) and bus 32 (carrying a current) will both be regarded as the column bus 
since both carry the signal from the pixel to the accumulator, albeit one carries the 
signal in voltage form and the other carries the signal in current form. 

In FIG. 3, the ou^ut circuit includes transistor Qj and resistor RES. Transisor 
Q7 is connected in a source follower configuration to output voltage level Vqut defined 
by voltage V2 during the first mode of current memory 40 (i.e., while the current 
accumulator is connected to bus 32 and switch SW2 is "on"). Thus, when output is 
desired from the accumulators, a selected switch from third plurality of switches 38 is 
turned "on" while switch SW2 of the desired accumulator 40 is "on". Voltage level 
Vqut is defined by voltage when accumulator 40 is in the second mode. Persons 



of ordinary skill in the art will appreciate other output circuit designs may be used that 
are equivalent. For example, the gate electrode of transistor Qy may be re-connected 
directly to the V2 side of capacitor C2 so that the state of switch SW2 would not matter. 

In FIG. 3, the switches of third plurality of switches 38 are not shown. Instead 
FIG. 3 shows current accumulator 40 connected directly to the output circuit through the 
unseen but "on" switch of third plurality of switches 38. Individual output circuits (e.g., 
source followers) may be provided for each accumulator, in such case the third plurality 
of switches are coupled to the output side of each output circuit. 

Sensor 10 (FIG. 1) includes a main control circuit (FIG. 5). In FIG. 5, main 
control circuit includes first switch control circuit 62 and second switch control circuit 
66 to control first and second plurality of switches 26, 36 to couple a signal from a 
pixel of column of pixels 24 to an accumulator of column of accumulators 34 while 
updating the accumulator. 

In FIG. 4, a typical switch control circuit 50 constitutes any of either first, 
second or third switch control circuit 62, 66 or 74 that are part of the main control 
circuit (FIG. 5). Switch control circuit 50 includes a plurality of single bit registers, 
each register corresponding to a switch to be controlled, for example, in first, second 
or third plurality of switches 26, 36 or 38, respectively. The main control circuit 
(FIG. 5) of SOTSor 10 includes first, second and third switch control circuits 62, 66, 74. 
In a preferred embodiment the switch control circuit is a shift register that is preset 
(using preset signal PR) with a fixed bit pattern of a single "1 " and the rest "0" (zeros), 
for example, "100... 000". Each bit position is connected to a corresponding switch to 
be controlled either directly or through drivers that may or may not include a gate with 
an enabling input control. For example, first switch control circuit 62 is connected to 
control a selected switch of first plurality of switches 26 to connect a signal from a 
selected pixel of column of pixels 24 to column bus 22 while controlling all remaining 
switches of first plurality of switches 26 to isolate column bus 22 from all remaining 
pixels of column of pixels 24 (see FIG. 2), Preferably each register element of switch 
control circuit 50 outputs both true and comp signals of the stored bit for easy control 
of a corresponding CMOS transmission switches (FIG. 2A). 
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Similarly, second switch control circuit 66 is connected to control a selected 
switch of second plurality of switches 36 to connect the signal on bus 32 to a selected 
accumulator of column of accumulators 34 while controlling all remaining switches of 
second plurality of switches 36 to isolate bus 32 from all remaining accumulators of 
column of accumulators 34. In a preferred embodiment, switch SWl of current 
accumulator 40 is controlled to be "off and switch SW2 of current accumulator 40 is 
controlled to be "on" when the corresponding switch in second plurality of switches 36 
is controlled to be "on". Persons skilled in the art will appreciate in light of these 
teachings that other switch control circuits, such as decoder or addressing trees, may 
be used, and it will be apparent to persons of ordinary skill in the art in light of these 
teachings that other types of switches may be used. 

In FIG. 4, increment control circuit 52 is part of the main control circuit as 
either first increment control circuit 64, second increment control circuit 68 or third 
incremmt control circuit 76. In one embodiment, increment control circuit 52 issues 
clock signal CLK synchronous with clock pulse CP when gate control signal CI is 
present. This causes the information content of shift register 50 to shift in a circular 
manner. In FIG. 5, first increment control circuit 64 increments first switch control 
circuit 62 by shifting to control a next in succession switch of first plurality of switches 
26 to connect a signal from a next in succession pixel of column of pixels 24 to column 
bus 22 while controlling all remaining switches of first plurality of switches 26 to 
isolate column bus 22 from all remaining pixels of column of pixels 24. In FIG. 5, 
second increment control circuit 68 increments second switch control circuit 66 by 
shifting to control a next in succession switch of second plurality of switches 36 to 
connect the signal on bus 32 to a next in succession accumulator of column of 
accumulators 34 while controlling all remaining switches of second plurality of 
switches 36 to isolate bus 32 from all remaining accumulators of colunm of 
accumulators 34. In FIG. 5, third incremrat control circuit 76 increments third switch 
control circuit 74 by shifting to control a next in succession switch of third plurality of 
switches 38 to connect the signal accumulated in next in succession accumulator of 
column of accumulators 34 to output bus 39 while controlling all remaining switches 
of third plurality of switches 38 to isolate output bus 39 from all remaining 
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accumulators of column of accumulators 34. Each increment control circuit may be 
as simple as a logic gate. 

Alternatively, a clock graerator (not shown) may be used to provide a burst of 
M clock pulses (CLK) when triggered to cause first and second switch control circuits 
62 and 66 to shift once per clock pulse. Then, it is unnecessary to provide second 
increment control circuit 68, but it is still necessary to provide first increment control 
circuit 64 with a way to provide an additional clock pulse. Third increment control 
circuit 76 may be unnecessary as a s^>arate circuit since it is triggered by second repeat 
control circuit 72 only once for each triggering of the first repeat control circuit 70. 

In FIG. 5, the main control circuit further includes first repeat control circuit 
70 to repetitively operate first increment control circuit 64, first switch control circuit 
62, second increment control circuit 68 and second switch control circuit 66. During 
each repetitive operation of first switch control circuit 62, signals from successive 
pixels of column of pixels 24 are coupled onto column bus 22. During each repetitive 
operation of second switch control circuit 66, signals that were coupled onto colunm 
bus 22 from a pixel and from there onto bus 32 are coupled into corresponding 
accumulators of column of accumulators 34. Each time first repeat control circuit 70 
is operated, first repeat control circuit 70 repetitively addresses first and second 
plurality of switches 26 and 36 and then operates first and second increment control 
circuits 64 and 68 until all pixels of column of pixels 24 have been successively 
coupled onto column bus 22 and the signal on bus 32 has been successively coupled 
into and accumulated in all accumulators of column of accumulators 34. This 
successively transfers signals from pixel to accumulator for any kind of array sensor. 
Preferably, first repesA control circuit includes a counter to control the operation of first 
and second increment control circuits 64 and 68 to increment as many times as there 
are pixels and accumulators in column of pixels 24 and column of accumulators 34. 
The successive transfer of signals from pixel to accumulator need not be performed in 
any particular order; however, it is preferable that the order be in the same direction 
as a moving image projected on column slice 20 (FIG. 1). 

In FIG. 5, the main control circuit further includes second repeat control circuit 
72 to operate first and third increment control circuits 64 and 76 an additional time 
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(without operating second increment control circuit 68) and then operate first repeat 
control circuit 70 each time second repeat control circuit is operated. This second 
repeat control circuit 72 causes a normal array sensor to operate as a time delay and 
integration sensor (TDI sensor). In operation, a moving image is focused on sensor 
array 10. Sensor array 10 is aligned and oriented so that a point in the moving image 
moves along column slice 20 (see FIG, 1). Alternatively, the image may be fixed and 
sensor array 10 moving since it is the relative motion that is important. The main 
control circuit operates second repeat control circuit 72 each time the point in the 
moving image projected on column of pixels 24 transverses a single pixel boundary. 
Typically, the moving image, for example, from a moving conveyer belt, progresses 
at a known and fixed rate. Therefore, a point in the image moves across a pixel 
boundary at a fixed interval. In this way it is possible to operate second repeat control 
circuit 72 at the same fixed interval. In fact, the main control circuit repetitively 
operates the second repeat control circuit until the point in the moving image traverses 
the entire column of pixels 24. 

Each operation of second repeat control circuit 72 operates first and third 
increment control circuits 64 and 76 for one additional time without directly operating 
second increment control circuit 68. In this way, second repeat control circuit 72 
operates first and third increment control circuits 64 and 76 to cause first and third 
switch control circuit 62 and 74 (e.g., shift registers) to be shifted one element more 
than second switch control circuit 66. 

The additional shift of first switch control circuit 62 with respect to second 
switch control circuit 66 is responsible for the TDI effect of integrating the image in 
column slice 20 as the point in the moving image passes a pixel boundary. The 
additional shift redirects the outputs of the column of pixels into the accumulators that 
correspond to the position where the original image was stored so that like points in the 
moving image are integrated over time. Then, first repeat control circuit 70 operates 
both first and second increment control circuits 64, 68 repeatedly for one fiill cycle as 
the image information stored in column of pixels 24 is transferred to and accumulated 
in column of accumulators 34 one pixel at a time. 
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Sensor 10 further includes output bus 39 and third plurality of switches 38 (see 
FIG. 2). Each switch is coupled between output bus 39 and a corresponding 
accumulator of column of accumulators 34. The main control circuit (FIG. 5) includes 
third switch control circuit 74 to control third plurality of switches 38 to couple an 
accumulated signal from an accumulator of column of accumulators 34 to output bus 
39. Third switch control circuit 74 controls a switch of third plurality of switches 38 to 
connect the accumulated signal from an accumulator of column of accumulators 34 to 
output bus 39 while controlling all remaining switches of third plurality of switches 38 to 
isolate output bus 39 from all remaining accumulators of column of accumulators 34. 

The main control circuit fiirther includes third increment control circuit 76 to 
increment third switch control circuit 74 to control a next in succession switch of third 
plurality of switches 38 to connect the accumulated signal at a next in succession 
accumulator of column of accumulators 34 to output bus 39 while controlling all 
remaining switches of third plurality of switches 38 to isolate output bus 39 jfrom all 
remaining accumulators of column of accumulators 34. 

The second repeat control circuit repetitively operates third increment control 
circuit 76 and third switch control circuit 74 through a fiill cycle. Each repetitive 
operation of third switch control circuit 74 couples a signal from a successive accumulator 
of column of accumulators. 

Each time second repeat control circuit 72 is operated, the second repeat control 
circuit repetitively operates third increment control circuit 76 and third switch control 
circuit 74 until all accumulators of column of accumulators 34 have been successively 
coupled onto output bus 39. 

The main control circuit operates second repeat control circuit 72 each time a 
point in a moving image projected on column of pixels 34 transverses a pixel 
boundary, and the main control circuit repetitively operates the second repeat control 
circuit until the point in the moving image traverses the column of pixels. 

The OTtirety of the circuit is preferably implemented on a single semiconductor 
wafer; however, the circuit need not be implemented on a single wafer. For example, 
the accumulators aiid switch circuits may be formed in a second semiconductor wafer 
separate fh)m the imager or could even be formed of discrete circuit components. An 
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advantage of keeping the accumulators and imager on the same wafer is that all 
columns can be processed in parallel. If the accumulators were located separately from 
the imager, then separate bond wires and package pins would be required for each 
column, or the column data would have to be multiplexed together and read out of the 
imager serially through a single connection and then redistributed to the correct 
accumulator. 

FIG. 6 is a timing diagram showing the operation of the present invention. The 
operation of first repeat control circuit 70 is shown during two full cycles of "row 
reads" and "register shifts". The operation during each cycle is to transfer pixel signals 
from all pixels to corresponding accumulators. Row access is repeated M times during 
each cycle. During each row access, one switch from first plurality of switches 26 and 
a corresponding switch from second plurality of switches 36 is enabled to transfer a 
pixel signal to an accumulator. Inmiediately after the row access, shift registers 62 and 
66 are clocked. After all M rows have been accessed and the immediately following 
shifts of shift registers 62 and 66 have been executed, the cycle is complete and first 
repeat control circuit 70 waits for the next initiating command. 

The operation of second repeat control circuit 72 is (1) read an accumulated 
signal from the^cMie accumulator that is currently addressed by third switch control 
circuit 74 through the corresponding switch of third plurality of switches 38 onto 
output bus 39 (2) provide an additional clock to shift registers 62 and 74, and (3) 
initiate a new pixel transfer cycle controlled by first repeat control circuit 70. Second 
repeat control circuit 72 is initiated synchronously with the times a point in a moving 
image traverses a pixel boundry, a time interval defined as Tline. Alternatively, a new 
pixel transfer cycle controlled by first repeat control circuit 70 may be initiated before 
the output is read and shift registers 62 and 74 are clocked. The same pattern repeats 
continuously. Valid TDI data is produced at the output after a time interval of M times 
Tline has elapsed. 

In FIG. 7, a method of scanning an image is shown in flow chart form. The 
method starts by entry into node Nl, passes through nodes N2 and N3 and begins step S 1 , 
a step of updating a column of accumulators from a column of pixels by repeatedly 
incrementing first and second switch control circuits in step SI 5. After the last pixel in 
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the column of pixels has been updated as determined in step S 14, the first switch control 
circuit is incremented and a third switch control circuit is incremented in step S22 to 
output an accumulated value fi*om the column of accumulators in step S23 . 

Step SI, the step of updating a colunrn of accumulators, includes steps SI 1 and 
S 12 for transferring a pixel signal from a pixel selected fi-om the column of pixels based 
on the first switch control circuit into an accumulator selected fi-om the column of 
accumulators based on the second switch control circuit. Steps Sll and S12 for 
transferring a pixel signal includes step Sll for addressing the selected pixel based on the 
first switch control circuit to transfer a selected pixel signal fi"om the selected pixel onto 
a column bus, and step S 12 for addressing the selected accumulator based on the second 
switch control circuit to transfer the selected pixel signal fi-om the column bus into the 
selected accumulator. 

Step SI also includes step S13 for updating the selected accumulator to update 
an accumulator signal value stored in the selected accumulator based on the selected pixel 
signal. 

Step SI, the step of updating a column of accumulators, fiirther includes steps S14 
and S 15 for successively repeating the steps of transferring a pixel signal fi*om a pixel and 
updating the selected accumulator to update each accumulator in the column of 
accumulators. 

The method further includes step S21, a step to cause successive repeating of the 
steps of updating a column of accumulators (e.g., step SI) and incrementing the first 
switch control circuit and a third switch control circuit (e.g., step S22) to output an 
accumulated value fi'om each accumulator in the column of accumulators (e.g., step S23). 

Step S22, the step of incrementing the first switch control circuit and a third 
switch control circuit to output an accumulated value (e.g., step S23) includes transferring 
the accumulated value fi"om an accumulator selected fi-om the colunrn of accumulators 
based on the third switch control circuit onto an output bus. 

It may be noted that the noise performance may be inferior to what could be 
accomplished with true charge transfer. Where charge transfer is employed the signal 
is read only once whereas in the approach outlined above the signal corresponding to 
any one part of the scene must be read M times. The read noise will therefore be 
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larger by the square root of M in the approach presented above than for an approach 
using true charge transfer. However the net SNR (signal to noise ratio) for read noise 
will still be smaller by the square root of M than the net SNR for a simple line scan 
sensor. Therefore, the improved SNR justifies the use of a CMOS TDI approach. 
Furthermore, the shot noise component of the total noise will be identical for the 
charge transfer and CMOS approaches, and the TDI approach provides an 
improvement in the shot noise contribution to the SNR over a simple line scan sensor 
by a factor of the square root of M. 

The approach disclosed above is at a high level of hierarchy. There are other 
ways to implement the individual components and/or the busing arrangement. The 
accumulators may be implemented to store signals as charge, voltage, or current. The 
pixels in the image region may be implemented as photodiodes, photogates, pinned 
photodiodes, etc. Arrays of various sizes will require differing drive characteristics of 
the components, and thus, the choice of where transimpedance amplifier 28, the 
accumulator output circuit and/or other circuits are located within the general bus 
structure taught herein will vary but such modifications will be appreciated by persons 
skilled in this art in light of these teachings. 

Having described preferred embodiments of a novel CMOS image sensor 
(which are intended to be illustrative and not limiting), it is noted that modifications 
and variations can be made by persons skilled in the art in light of the above teachings. 
It is therefore to be understood that changes may be made in the particular 
embodiments of the invention disclosed which are within the scope and spirit of the 
invention as defined by the appended claims. 

Having thus described the invention with the details and particularity required 
by the patrait laws, what is claimed and desired protected by Letters Patent is set forth 
in the appended claims. 



